The functional role of the uncinate fasciculus is still a matter of debate. We examined 44 patients submitted to awake surgery for removal of a left frontal or temporal glioma. In 18 patients, the removal included the uncinate fasciculus. We compared patients with or without removal on a series of neuropsychological tasks, performed at different time intervals: pre-surgery, in the first week after surgery and 3 months after surgery. Functional magnetic resonance and diffusion tensor imaging, fibre-tracking techniques were performed before surgery. At the last examination, patients with uncinate removal were significantly impaired in naming of famous faces and objects as compared with patients without removal. We further divided patients according to the site of the tumour (either frontal or temporal). At the follow-up, patients with a temporal glioma who underwent uncinate removal had the worst loss of performance in famous face naming. In addition, on the same task, the group with a frontal glioma that underwent resection of the frontal part of the uncinate performed significantly worse than the group with a frontal glioma but without uncinate removal. In conclusion, the resection of the uncinate fasciculus, in its frontal or temporal part, has long-lasting consequences for famous face naming. We suggest that this fibre tract is part of a circuitry involved in the retrieval of word form for proper names. Retrieval of conceptual knowledge was intact.
Introduction
The uncinate fasciculus is a major white matter tract connecting the anterior temporal lobe with the medial and lateral orbitofrontal cortex (Catani et al., 2002; Schmahmann et al., 2007) . It is larger in the right hemisphere, indicating greater right-sided fronto-temporal connectivity (Highley et al., 2002) . The temporal fibres are medial and anterior to the fibres of the inferior longitudinal fasciculus. As the uncinate fasciculus enters the external capsule, its fibres arch forward medially to the insula and laterally to the lenticular nucleus. Although its function is not completely understood (Catani and Thiebaut de Schotten, 2008) , the uncinate fasciculus is considered (i) to belong to the limbic system, being a critical structure in emotion and memory (Gaffan and Wilson, 2008) , with a possible role in the formation and retrieval of episodic memories (Squire and Zola-Morgan, 1991; Levine et al., 1998; Nestor et al., 2004) and damaged in Alzheimer's disease (Yasmin et al., 2008) ; and (ii) to be part of a ventral language pathway (Parker et al., 2005) . Further support to its role in memory is provided by means of diffusion tensor imaging (DTI)-based tractography (Diehl et al., 2008; McDonald et al., 2008) .
Fractional anisotropy values of the uncinate fasciculus are significantly lower in amnestic mild cognitive impairment (Fujie et al., 2008) and in semantic dementia (Agosta et al., 2010) . With regard to language, in a recent study using direct electrical stimulation in low-grade gliomas (Duffau et al., 2009) , only transient language deficits were reported after uncinate fasciculus (and temporal pole) removal, assessed by means of the Boston Diagnostic Aphasia Examination. However, lesions involving the left anterior temporal cortex and its subcortical connections (presumably including the uncinate fasciculus) usually lead to impaired retrieval of the names of people (Damasio et al., 1996 (Damasio et al., , 2004 Grabowski et al., 2001) . Although, 'the relationship between proper naming and the left temporal pole is not mandatory' (Semenza, 2006; Tranel, 2006) , we should expect patients with left temporal pole and/or uncinate fasciculus resection to be specifically impaired in proper naming, while recognition should be spared, since it seems to be linked to the right temporal pole (Tranel et al., 1997) .
Therefore, the aim of this study was to assess the role of the uncinate fasciculus in language and memory and to verify whether its surgical removal produces long-lasting deficits. Indeed, in individuals with brain tumours, a standard examination does not reveal moderate memory and language impairments (På hlson et al., 2003) . In clinical practice, it is obviously relevant to detect the function of white matter pathways, since this information must guide decisions during brain surgery, to maximize the extent of the resection without provoking cognitive impairment and to ensure an excellent quality of life.
Materials and methods

Participants
Fourty four patients, 26 male and 18 female [mean age 42.18 (SD 11, , mean education 13.25 years (SD 3.3, ] were included in the study. Twenty five subjects had a low-grade glioma and 19 a high-grade (III or IV) glioma. Patients with lowand high-grade glioma did not differ in age [t(42) = 1.79, P = 0.08], educational level [t(42) = 0.01, P = 0.99] or neuropsychological tasks before surgery (see further).
Patients' demographic and clinical data are reported in the online supplementary material.
Handedness was evaluated by means of the Edinburgh Handedness Inventory (Oldfield, 1971) . Functional magnetic resonance imaging (MRI) was performed to assess language dominance by using a word generation and a picture naming task. All patients were right handed and left-language dominant.
Tumour volume was calculated on post-surgery-weighted MRI scans for low-grade glioma and on post-contrast pre-surgery-weighted MRI scans for high-grade glioma via a computerized system (Bello et al., 2008) . Histology was classified according to the World Health Organization (WHO) brain tumour classification.
Methods
An extensive neuropsychological evaluation, functional magnetic resonance and diffusion tensor imaging fibre-tracking techniques (DTI-FT) were performed before surgery. Neuropsychological evaluation also served to individualize intra-operative testing, whereas images could be loaded into the neuronavigation system being available peri-and intra-operatively for orientation.
Patients were resubmitted to a neuropsychological evaluation 3-7 days after surgery. A neuropsychological follow-up was performed after 3 months.
Neuropsychological examination
The standard pre-surgery, post-surgery and follow-up evaluations included tests assessing non-verbal intelligence (Basso et al., 1987) ; verbal and visuospatial, short-and long-term memory [digit and Corsi span (Orsini et al., 1987) , word list learning (Carlesimo et al., 1996) , supraspan learning (Capitani et al., 1991) , Rey figure reproduction (Bertolani et al., 1993) ]; selective [attentional matrices (Spinnler and Tognoni, 1987) ] and divided attention [Trail Making Test; (Giovagnoli et al., 1996) ]; orofacial, ideomotor (De Renzi et al., 1980) and constructional apraxia (Spinnler and Tognoni, 1987) , spatial cognition (Ronchi et al., 2009) , and language. For all these tests, normative data are available: raw scores are adjusted for age, education and, when indicated, for sex, according to the parameters estimated in a normal sample (200-321 neurologically unimpaired subjects) with a multiple regression model. Adjusted scores 55% one-sided non-parametric tolerance limit (with 95% CI) are considered pathological: inferential cut-off scores are therefore those at which or below which the probability that an individual belongs to the normal population is 50.05.
The following language tasks were administered: verbal fluency on phonological and semantic cue (Novelli et al., 1986) ; naming of famous faces (50 items, Rizzo et al., 2002) ; picture naming of objects (48 items, see below for a detailed description of the stimuli) and actions (50 items, Crepaldi et al., 2006) ; naming by description (38 items, Novelli et al., 1986) ; pointing to picture (48 items); sentence comprehension [Token Test (De Renzi and Faglioni, 1978) and picture-to-sentence matching task (80 items, Parisi and Pizzamiglio, 1970) ]; repetition of syllables, words, non-words and sentences (Miceli et al., 1994) . In verbal fluency on phonological cue, the patient is asked to generate as many words as possible beginning with a given letter, namely F, P and L. For each letter, the time allowed is 1 min. In verbal fluency by semantic cue the procedure is the same, but categories such as makes of cars, fruits and animals are used instead of letters. In naming by description, the examiner reads aloud 38 definitions (28 of concrete and 10 of abstract words, matched for frequency), and the patient is asked to produce the corresponding name. In case of failure, three words (the target and two semantic foils) are presented from which to select the response. In famous faces naming task, coloured pictures of 50 famous people, half male and half female, half Italian (but internationally famous, such as Olympic winners or Nobel prizes) and half not, are presented in random order, intermingled with 50 pictures of unknown people. The famous people are graded as far as the period of their fame and represent four different professional categories (artists/scientists, athletes, actors, politicians). They were rated as highly familiar on a 7-point scale by a sample of 100 subjects of different age and education. The task involved making a fame judgement; producing the names of the 50 famous people; and providing semantic information (i.e. Italian or not, dead or alive, professional category). In naming (and comprehension) of objects, half of the stimuli were coloured pictures of living and half of non-living items. Living (fruits, vegetables, animals) and non-living (tools, clothes, furniture) stimuli were balanced for all relevant variables such as word frequency (P = 0.1), age of acquisition (P = 0.25), picture typicality (P = 0.2), image complexity (P = 0.08), semantic relevance (P = 0.92), name agreement (P = 0.18) and familiarity (P = 0.62) (Catricalà et al., 2008) . Verbs (picture naming of actions) were balanced for frequency, age of acquisition and picture typicality with objects. The naming tasks (faces, objects and verbs) were repeated three times in different sessions to verify the consistency of responses. Only items produced correctly three times out of three without abnormal delay were selected for intra-operative testing and were chosen so that there were 20 living, 20 non-living, 15 famous faces and 15 action stimuli for each patient. Each block of stimuli was presented at least three times during cortical and subcortical mapping. Therefore, each patient was submitted to a specific, ad hoc intra-operative protocol, designed according to his/her pre-surgical performance; also, each patient served as a control for his/her own performance. Stimuli were presented by computer.
Parallel forms of episodic memory tasks were used in the different sessions.
Surgical procedure
Neuronavigation was available and loaded with volumetric post-surgery, fluid-attenuated inversion recovery (FLAIR) and post-gadolinum presurgery imaging. DTI-FT reconstruction of the inferior fronto-occipital fasciculus, uncinate fasciculus, superior longitudinal fasciculus and corticospinal tract was obtained and fused with volumetric images, and was available during surgery. During surgical removal of the tumour, the neuropsychologist presented blocks of items (living, non-living, faces, verbs) counterbalanced across patients, and reported all the responses in the subsequent runs. The number of stimulated sites varied between 30 and 40 for each subject and included cortical and subcortical electrical stimulation. Direct electrical stimulation for cortical and subcortical mapping was performed by using a bipolar hand-held stimulator. Subcortical mapping was alternated with the resection in a back-and-forth manner. Throughout the cortical and subcortical language mapping, the electrocorticography was continuously monitored to signal after-discharge spikes, both to reduce the chance of evoking a seizure, and to avoid the chance that naming errors were caused by the propagated effects of the current. Only those sites whose stimulation induced a reproducible error at least three times were considered as positive sites and mapped with sterile numbered tickets. The location of each cortical and subcortical site was recorded into the neuronavigation system, where DTI-FT reconstruction of the inferior fronto-occipital fasciculus and uncinate fasciculus were available. The brain mapping procedure was video-and audio recorded and reviewed post-operatively by two surgeons and two neuropsychologists.
Based on the DTI data, we found that stimulation of the uncinate fasciculus temporal portion induced phonemic paraphasias, whereas stimulation of the frontal part provoked phonemic paraphasias that were followed by speech arrest during the next three to four items (Figs 1 and 2) . Stimulation of the frontal part close to the head of the caudate induced speech arrest. The limited number of stimulations delivered over the uncinate fasciculus while presenting pictures of famous people prevents an analysis of the effects on proper names with respect to common names. The pattern of errors produced when stimulating either the temporal or the frontal part of the uncinate fasciculus may reflect the different depolarization on the fibre tracts, which could reach the caudate and/or the frontal region earlier bringing about a speech arrest, or later (when stimulation is temporal) causing a phonemic paraphasia, since the output processes have already initiated, when the electrically induced interference reaches the caudate, the frontal regions or both.
Conventionally, we refer to 'temporal' as the tract running from the temporal pole to the insula, and 'frontal' as the tract after the arch, from the insula to the orbito-frontal cortex. The removal or preservation of the tract was confirmed by comparing preoperative magnetic resonance images where DTI-FT reconstructions of uncinate fasciculus or inferior fronto-occipital fasciculus were superimposed with postoperative magnetic resonance images. Postoperative images (volumetric post contrast pre-surgery, FLAIR) were obtained either within 48 h after surgery or at 3 months. In selected cases, a postoperative DTI-FT reconstruction of uncinate fasciculus was also performed.
Magnetic resonance-diffusion tensor imaging data acquisition and processing
Preoperative magnetic resonance imaging was performed on a Philips Intera 3.0-T (Best, The Netherlands) system with a maximum field gradient strength of 80 mT/m. DTI data were acquired using a single-shot echo planar imaging sequence (repetition time/echo time 8986/80 ms) with parallel imaging (SENSE factor, R = 2.5). Thirty-two diffusion gradient directions (b = 1000 s/mm 2 ) and one image set without diffusion weighting were obtained. A field of view measuring 240 Â 240 mm 2 and a data matrix of 96 Â 96 were used, leading to isotropic voxel dimensions (2.5 Â 2.5 Â 2.5 mm 3 ). The data were interpolated in-plane to a matrix of 256 Â 256 leading to voxel size of 0.94 Â 0.94 Â 2.5 mm 3 .
Acquisition coverage extended from medulla oblongata to the brain vertex (56 slices, no gap). The sequence was repeated twice consecutively and data were averaged off-line to increase signal-to-noise ratio; DTI data sets were aligned off-line to the echo-planar volume without diffusion weighting on a PC workstation using the Automatic Image Registration software to correct artefacts due to rigid body movement during scan acquisition. 3D Fast Field Echo pre-surgery-weighted imaging (repetition time 8 ms; echo time 4 ms; image resolution equal to DTI) was performed for anatomic guidance. The study was approved by the local ethical committees (Ospedale Maggiore Policlinico of Milano and University of Milano-Bicocca). Patients gave informed consent to have the procedure audio-and video-recorded and their results treated.
Statistical analyses
Chi-square was used to compare the number of patients with a pathological score in relation to the uncinate fasciculus status (removed or not).
Patients' scores on the three different sessions were analysed by means of a repeated measures analysis of variance (ANOVA), the dependent variable being the score at each session (three levels: pre-surgery, post-surgery and follow-up), and the independent variable the post-surgery status of the uncinate fasciculus (two levels: removed or not).
Post hoc analyses were performed by means of the Duncan test.
Results
The anterior temporal cortex was removed in all patients with a temporal glioma, as reported in Supplementary Table 1 . The uncinate fasciculus, either in its frontal or temporal portion, was maintained in 26 patients and removed in 18. Its course was variable and influenced by the morphology and size of the tumour.
For the purpose of this study, we will consider those tasks in which the patients' performance significantly changed over the three sessions. These included four tasks of lexical production (famous face naming, picture naming of objects, verbal fluency on categorical and phonemic cue), a verbal long-term memory task (word list learning), and a divided attention task (Trail Making Task). In the remaining tasks (i.e. spatial cognition, verbal and spatial short-term and spatial long-term memory, apraxia, repetition and comprehension tests), there were no differences either between the two groups (uncinate fasciculus removed or not) or in the three sessions.
The number of patients performing below the cut-off in the neuropsychological tasks in the three sessions is reported in Table 1 .
Patients with uncinate fasciculus removal (n = 18; mean age 39.5; mean educational level 12.94) and patients without removal (n = 26; mean age 44; mean educational level 13.46) did not differ for age [t (42) 
Famous face naming
The mean score of patients with uncinate fasciculus removal was 20.97 (SD 7.75) [F(1,27) = 3.62, P = 0.068, 2 = 0.12] approached significance. In the case of uncinate fasciculus removal, performance was significantly lower at post-surgery than at follow-up (P50.01) and pre-surgery (P50.001); performance at follow-up remained significantly lower than at pre-surgery (P50.005) (Fig. 3) . Crucially, the two groups did not differ at pre-surgery.
Picture naming of objects
Since some patients were submitted to an extended version (82 items), scores are expressed in percentage of correct answers.
The mean score of the group with uncinate fasciculus removal was 90.7% (SD 18.6) at pre-surgery, 76.3% (SD 28.3) at post-surgery and 74.6% (SD 29) at follow-up. The mean score of the group without removal was 92.6% (SD 5.7) at pre-surgery, 91.2% (SD 6.6) at post-surgery and 94.4% (SD 4) at follow-up. The percentage of patients with a pathological score did not differ in any session whether the uncinate fasciculus was removed or not. The analyses were performed on scores of square root transformations for stabilizing the variance of the response variable, since as reported earlier, accuracy was expressed as percentage of correct responses. There was a significant effect of uncinate fasciculus removal [F(1,31) = 5.07, P50.05, 2 = 0.14]. The effect of time [F(2,62) = 2.44, P = 0.12] and the interaction time Â uncinate fasciculus removal [F(2,62) = 1.06, P = 0.35] were not significant. Post hoc comparisons showed that the two groups significantly differed at follow-up (P50.05) (Fig. 4) . In order to verify whether patients with uncinate fasciculus removal had a selective deficit for proper nouns, a repeated with proper naming deficit were also impaired in picture naming of both objects and actions, and one in picture naming of objects. In all but one (with the largest frontal lesion), the resection extended posteriorly in the temporal lobe including the uncinate fasciculus.
Verbal fluency on categorical cue
The mean scores of the group with uncinate fasciculus removal were 41.78 (SD 7.17) at pre-surgery, 24.11 (SD 13.68) at postsurgery and 37.67 (SD 8.42 T2  T3  T1  T2  T3  T1  T2 Five patients without uncinate fasciculus removal were not examined at the follow-up and one of them, as well as one patient with temporal removal, did not perform all the tasks; in this case the number of patients examined is reported in brackets next to the number of patients with a pathological score. Cut-off scores are reported in brackets after the name of the test. T1 = pre-surgery; T2 = post-surgery; T3 = follow-up; n.v. = normal values.
The interaction time Â removal [F(2,56) = 2.7, P = 0.076] and the effect of removal [F(1,28) = 0.09, P = 0.76] were not significant.
Verbal fluency on phonemic cue
The mean scores of the group with uncinate fasciculus removal were 24.85 (SD 9.32) at pre-surgery, 11.85 (SD 15.44 
Word list learning
The mean scores of the group with uncinate fasciculus removal were 35.51 (SD 9.33) at pre-surgery, 17.26 (SD 8.68) at postsurgery and 36.76 (SD 11.12) at follow-up, being pathological only at post-surgery (normal values ! 28.53). The group without removal had normal scores [37.58 (SD 7 .61) at pre-surgery, 30.91 (SD 13.37) at post-surgery and 39.86 (SD 8.96) at follow-up]. The effect of time was significant [F(2,50) = 21.9, P50.001, 2 = 0.47], performance being lower at post-surgery.
The interaction [F(2,50) = 3.75, P50.05, 2 = 0.13] was also significant. The effect of removal [F(1,25) = 4.04, P = 0.055, 2 = 0.14] approached significance. Post hoc comparisons showed that the performance of the group with uncinate fasciculus removal was significantly lower than that of the other group at post-surgery (P50.05).
Trail Making Tasks A and B
Since the score represents the time to complete the task, the higher the score, the worse the performance. The mean scores of patients with uncinate fasciculus removal were 58.56 (SD 16.12 Post hoc analyses showed that the group with uncinate fasciculus removal performed significantly worse than the group without removal (P50.05), immediately after surgery, and this performance was significantly lower (but still in the normal range) than performance at pre-surgery and follow-up (P50.001 in both cases). We then explored whether the removal of either the frontal or temporal part of the uncinate fasciculus specifically affected performance. Eight frontal patients underwent frontal uncinate fasciculus removal, whereas the temporal part was removed in 10 patients. The limited number of frontal patients with removal (n = 8) and temporal patients without removal (n = 5) prevents any extensive discussion. Nevertheless, the mean scores of the frontal group with uncinate fasciculus removal in famous face naming were 19.81 (SD 9.89) at pre-surgery, 9 (SD 7.78) at post-surgery, 15.19 (SD 6.41) at follow-up; the mean scores of the patients Mean scores and analyses for other tasks and for temporal patients are reported in Table 2 .
Finally, we checked the possibility that the rate of growth could have affected the performance on famous face naming. High-grade glioma (famous face naming mean score = 19.65) and low-grade glioma (famous face naming mean score = 21.29) did not differ at pre-surgery [t(42) = À0.6, P = 0.55], and the proportion of patients with high-grade glioma with a pathological score did not differ from that of patients with low-grade glioma 
Discussion
We investigated the cognitive abilities of a series of patients who underwent awake-surgery for the removal of a left frontal or temporal glioma. In 18 patients, the corresponding part of the uncinate fasciculus was also removed, as demonstrated by postoperative MRI and, in selected cases, by DTI-FT reconstruction. Three months after surgery, patients with and without uncinate fasciculus removal differed in naming of object and famous faces,
suggesting that, if adequately tested, patients with uncinate fasciculus removal show deficits at long intervals. Removal of the temporal pole and temporal uncinate fasciculus caused the worst performance, followed by frontal uncinate fasciculus removal. So far, 16 patients have been re-evaluated after 6 months and the naming deficits are still evident.
Naming famous people is a more demanding task than naming objects (Semenza, 2009) and therefore more vulnerable when cognitive resources are globally reduced. However, a previous study with direct electrical stimulation has shown a double dissociation between sites involved in naming objects and sites involved in naming faces (Giussani et al., 2009 ) making unlikely an explanation only in terms of level of difficulty (Semenza, 2006) .
More frequently, proper name impairment is a post-semantic deficit (Semenza and Zettin, 1989; Fery et al., 1995; Harris, 1995; Reinkemeier et al., 1997) . Accordingly, in our study, patients were able to retrieve biographical information about people they could not name or to recognize the name among alternatives, suggesting normal recognition of familiar people (as was recognition of objects, since patients provided a specific description of the object they could not name). As reported, the uncinate fasciculus connects the orbito-frontal cortex and the temporal pole, the former being involved in face encoding (Herholz et al., 2001) and in processing famous faces or names (Gorno-Tempini et al., 1998) , and the latter in naming famous faces (Damasio et al., 1996; Gorno-Tempini et al., 1998; Grabowski et al., 2001; Proverbio et al., 2001 ; see Semenza, 2006 Semenza, , 2009 for reviews). Naming unique faces also requires regions related to the processing of emotions, such as the ventromedial prefrontal cortices (Damasio et al., 2004) , the uncinate fasciculus being a crucial structure in emotion. Comparisons were made between patients with or without removal of the uncinate fasciculus (UNC) for both the frontal and the temporal patients, respectively. Three more patients are not included in the analysis since the gliomas were fronto-temporal. Pathological scores are in bold. Object naming scores are expressed as a percentage. T1 = pre-surgery; T2 = post-surgery; T3 = follow-up.
Following Damasio et al. (2004) , the left anterior temporal regions contain convergence zones that serve as intermediaries between retrieval of conceptual knowledge and retrieval of names. Accordingly, the processes involved in naming a stimulus depend on three types of neural structures: (i) structures that support conceptual knowledge; (ii) structures that support the implementation of words forms in eventual vocalization and (iii) intermediary structures for words, which are engaged by the structures supporting conceptual knowledge to trigger and guide the implementation of a word form (Tranel, 2006) . The uncinate fasciculus could connect the intermediary structures to those involved in the retrieval of word form for unique items (even if not all unique names require the left temporal pole) (Crutch and Warrington, 2003, 2004) . Indeed, the ventrolateral prefrontal cortex is involved in the explicit retrieval of words from memory based on semantic cue (Wise, 2003) .
However, naming was not always affected following uncinate fasciculus resection. As Tranel (2006) pointed out, 'the same task might engage different convergences zones across relatively comparable individuals' depending on factors such as the nature of particular individuals abilities. Normal performance in naming persons despite temporal lobe lesions was found by Damasio et al. (2004) , and Semenza (2006) concluded that a dedicated module dealing with proper name retrieval is either distributed in a large portion of the left hemisphere or subject to great inter-individual variation. Therefore, one cannot predict that nearly equal lesions (and of course lesions cannot be absolutely identical) would be associated with precisely the same deficits. In addition, as suggested by Yucus and Tranel (2007) for patients with temporal lobe epilepsy undergoing left anterior temporal lobectomy, early reorganization of function could be a 'protective' factor for proper naming. This explanation can apply to low-grade glioma. Finally, even when it remained in the normal range, the performance of patients with uncinate fasciculus (and/or temporal pole) removal decreased. Had the performance at pre-surgery been normal but lower, the deficit after uncinate fasciculus removal would have been evident.
The number of patients with an impaired performance at follow-up was always higher in patients with uncinate fasciculus removal; while the two groups did not differ before surgery, 22% of patients with uncinate fasciculus removal had verbal memory, picture naming of objects and divided attention impairment, 33% had verbal fluency deficits and 44% had proper name anomia, whereas the percentage of patients without uncinate fasciculus removal and long-lasting deficits was negligible.
In line with Duffau et al. (2009) , the deficits were more evident immediately after surgery, but following uncinate fasciculus removal, they did not recover to the pre-surgery condition.
All patients attending the follow-up had returned to their previous occupation, but some spontaneously complained about difficulties in remembering proper names in everyday life, suggesting that symptoms did not interfere with social activity or impact on the quality of life, but were nevertheless evident in ecological situations.
In conclusion, two main implications emerge from this study: from a theoretical point of view, the uncinate fasciculus seems to have some role in retrieving people's names, since its removal produced a significant deficit even when the temporal pole is spared; also the results support the hypothesis that retrieval of conceptual knowledge is segregated from name retrieval. From a clinical point of view, the neurosurgeon has to be aware that variability among subjects is high and negative effects are not excluded a priori. As a consequence, an accurate pre-surgical evaluation becomes a crucial step for a good outcome; a low, though still normal, pre-surgical performance, does not give any safety margin to avoid damage when the uncinate fasciculus is removed.
